Introduction
The number of publications about video-assisted and thoracoscopic lobectomies is rising although these procedures are still considered as technically difficult. This observation is even more valid for anatomic segmentectomies which are considered to be complex. Some series of video-assisted pulmonary segmentectomies have recently been published w1-4x but there are few series of totally thoracoscopic (TT) -so-called complete video-assisted thoracoscopic surgery (VATS)-approach w5, 6x. By TT, we mean: 1) 100% video display, 2) no access incision and 3) only use of trocars and endoscopic instruments. We report our initial experience with TT anatomic segmentectomies (TTAS). The aim of this study is not to discuss the validity of segmentectomies for lung cancer, but to determine whether a TT approach to segmentectomies is feasible and safe.
Patients and methods
From January 2008 to June 2010, TTAS was attempted in 50 patients (25 males and 25 females) ranging in age from 18 to 81 years (mean: 57 years). The indication was either a benign lesion (16 patients), a solitary metastasis (nine *Corresponding author. Tel.: q33-1-56616214; fax: q33-1-56616247. E-mail address: dominique.gossot@imm.fr (D. Gossot). patients), or a suspicion of clinical stage I non-small cell lung carcinoma (NSCLC) (25 patients). For the patients operated on for a suspicion of primary lung carcinoma, the reason for performing a segmentectomy was an impaired lung function andyor a previous history of pulmonary resection (segmentectomy in one patient and lobectomy in two patients).
Patients had both oral and written information about the procedure. Intraoperative and postoperative data were recorded in a prospective manner after approval from our Institutional Review Board. The data were the following: need for conversion to thoracotomy, duration of the surgical procedure as noted on the operating room records, operative blood loss, intraoperative complications, number of collected lymph nodes and of dissected lymph node stations for patients operated on for NSCLC, duration of chest drainage, postoperative stay and postoperative complications. The type of segmentectomy is summarized in Table 1 .
Technical aspects
All patients who were candidates for an upper segmentectomy had a multidetector row preoperative computed tomography (CT) angiography with three-dimensional volume-rendering reconstruction of arterial and venous anatomy w6-8x. CT reconstruction was not done for the lower segments since anatomical variations of the vascular supply to the lower lobes has less impact on the surgical technique and can be easily managed. The procedure was performed under general anesthesia with split ventilation using a double-lumen endotracheal tube. Patients were positioned in lateral decubitus as for a thoracotomy. The surgeon stood at the patient's anterior or posterior chest wall, depending on the segments to be resected. He usually stood at the back of the patient for right side resections and at the front for left resections. Two monitors were used and the endoscope was placed on a mechanical scope holder. As for our technique of totally endoscopic lobectomies w9x, we used a deflectable scope housing a distal CCD (LTF, Olympus, Tokyo, Japan) connected to a high-definition camera system (HDTV) (Exera II, Olympus, Tokyo, Japan). Only endoscopic instruments were used. These were inserted through four trocars. Depending on the type of inserted instruments, their diameter was between 3 mm (microinstruments) and 15 mm (endostapler and retrieval bag). These devices allow retracting the lung efficiently without need for an additional port. For patients operated on for lung cancer, intersegmental lymph nodes, when present, were analyzed by frozen section to confirm the indication of segmentectomy w10x. However, when segmentectomy was decided, interlobar nodes were not routinely checked. The control of large vessels was accomplished with endostaplers while hemostasis of small caliber vessels was performed with clips or with a bipolar vessel-sealing device (LigaSureீ, Valleylab, Boulder, CO, USA). The root of the intersegmental veins was preserved and used as landmark for identification of the intersegmental plane. Demarcation between the resected and preserved segments was usually made possible by gentle reventilation and adequate application of a long 5-mm lung forceps whose position was adapted according to the inflation-deflation line. In emphysematous lungs, we preferred ventilating only the segments to be resected by a broncho-fiberscopy. The intersegmental plane was divided by a combination of bipolar sealing device (for its peripheral and thin portion) and stapling (for its central and thick portion) using 4.8 mm staples (Endo-GIA II, Covidien Autosuture, Mansfield, MA, USA). When the remaining segment was mobile and at risk of torsion, it was fixed to the adjacent lobe with a TA endostapler. An additional radical lymphadenectomy was performed for all patients operated on for a suspicion of lung carcinoma. No utility incision was used. On completion of the pulmonary resection, the specimen was wrapped into an endobag and retrieved through one of the port sites that was enlarged to a length of 2-4 cm, depending on the specimen size. The use of a rib spreader was never required for this task. In most cases, only one chest tube was placed through one of the port site. Its removal was decided according to usual rules, i.e. no air leakage and output inferior to 150 ml/day.
Results
There was one conversion to thoracotomy (2%) for a noncontrollable hemorrhage from the apical artery during a right apicoposterior segmentectomy. This patient had a simple postoperative course and was discharged on the seventh postoperative day. In the 49 other patients who had a TT procedure, there were two intraoperative complications, i.e. a partial disruption of the staple line during division of the intersegmental plane, requiring endoscopic suturing. The postoperative course of these two patients was simple and they were discharged at days 4 and 5. The operation time ranged from 92 to 315 min (mean: 188"54 min). The estimated blood loss ranged from 0 ml (non-measurable) to 450 ml (mean: 91"82 ml). No patient needed a blood transfusion. All but five patients had an uneventful postoperative course (10.2%). The complications were minor and are listed in Table 2 . The drainage duration ranged from one to seven days (mean: 3.3"1 days) and the hospital stay from two to 14 days (mean: 5.6" 2.4 days). The final pathological results are listed in Table  3 . For the 23 patients who were operated on for a suspicion of primary lung carcinoma and who had an additional lymphadenectomy, the mean number of collected hilar lymph nodes (station 10) ranged from 0 to 6 (mean: 3"2) and from station 11-12 ranged from 1 to 9 (mean: 3"2). The mean number of collected mediastinal lymph nodes was 18"8 and the mean number of dissected lymph node stations was 3.5"1. In lung cancer cases, the tumors were staged pathological N0 in all but two cases which were upstaged N2. All patients were seen one month after discharge with a satisfactory chest X-ray. Since the patients were operated on recently, the follow-up is short and the survival rate has not yet been studied. 
Discussion
As mentioned by Oizumi et al. thoracoscopic segmentectomy poses some unique challenge to surgeons becauseeven when done via thoracotomy -the procedure is considered to be complex w5x. Not only are the anatomical relationships difficult to grasp, especially for the young and less experienced surgeons, but the identification and division of the intersegmental plane is a concern. The issue is more relevant for upper segmentectomies. Not only do the number of arteries arising from the pulmonary artery vary but their distribution is sometimes difficult to grasp because the vessels can usually not be dissected to a sufficient length. This is especially true for the ascending arteries to the right upper lobe. These arteries can supply only the posterior segment of the upper lobe or both the posterior and anterior segments (Fig. 1) . The study of preoperative CT three-dimensional reconstruction without a doubt helps when assertaining the number, size and direction of these arteries. Having the vascular pattern in mind helps the surgeon to perform a safer dissection of the branches of the pulmonary artery, especially when the fissure is fused andyor when lymph nodes are present. In a series of 49 patients selected for VATS lobectomy, Fukuhara et al. found that preoperative three-dimensional computed pulmonary angiography was identifying the PA branches in 95% of the cases w7x. In their series, only some small branches (-2 mm in diameter) were missed.
Another difficulty faced during thoracoscopic segmentectomy is the identification and division of the intersegmental plane. When performed through a thoracotomy, this step is facilitated by the use of manual palpation which is not possible via thoracoscopy. Several methods have been described. The most common is the creation of a ventilated-deflated line by reventilating the operated lung once the segmental bronchus has been stapled. This technique has two drawbacks: 1) reventilation obscures the vision, a much more troublesome problem than during thoracotomy, 2) the segments to be resected can be partly reventilated through the collateral canals, leading to an unclear demarcation line. Therefore, some authors have suggested acting in reverse, i.e. reventilating the whole lung once the segmental bronchus has been divided and then collapsing it, so that only the diseased segments remain inflated w11x. Others have suggested using selected jet ventilation in the segmental bronchi to be divided w3x. In emphysematous patients we have used a similar method by injecting air through the channel of a bronchofiberscope, after selective endoscopy of the segmental bronchus.
Once the intersegmental plane has been determined, the last issue is the choice of the division method. Some authors have used a combination of blunt dissection, electrocautery and application of fibrin sealant w3x. When air leaks were observed, some surgeons applied mattress sutures with pledgets w11x. These methods have the advantage of sparing parenchyma, but have a risk of postoperative air leak. Actually, most authors use staplers (Tables 4 and 5 ). Stapling is however not that easy. First, it may require using many cartridges, up to five in the series of Watanabe et al. w11x . Second, the limited opening of the endostaplers and the thickness of the parenchyma can lead to disruption of the staple line, an adverse event that occurred twice in our series. The consequences were not serious but led to troublesome blood loss and required suturing by hand.
Although a totally endoscopic approach to anatomic segmentectomies can seem challenging and difficult, the operation time was reasonable in this series and the morbidity rate was low. Experience and improvements of some instruments, such as endostaplers, will facilitate the procedure. Combining the advantages of an endoscopic approach and an anatomically limited resection could be highly beneficial for those patients who fulfill the criteria of a sublobar resection w13, 15x. pulmonary metastasis reported by the authors themselves in nine cases, we have a point for interactive discussion. Despite high resolution computed tomography scan and positron emission tomography-computed tomography remain the preferred imaging modalities for pulmonary metastases, the sensitivity of the technique is 100% for lesions larger than 1 cm, but it decreases according to the size of the metastases (-5 mm). Indeed, as we have yet demonstrated, there is a real problem of missing small metastatic lesions in the video-assisted thoracic surgery approach w2x; moreover, the necessity of a second or third re-resection for recurrent metastases was reported w3x. In conclusion complete manual exploration by axillary-thoracotomy remains the procedure of choice for patients undergoing pulmonary metastasectomy, because of limitation in preoperative radiological assessment of lung lesions smaller than 5 mm.
